Status of the European Tracking Effort

Ties Behnke, DESY

@ The TESLA tracking concept
@ Tracking R&D

@ GEM/ Micromega Readout
@ Particle ID

@ Pattern recognition




@ high quality vertexing

@ intermediate Sl tracking

@ large volume TPC

@ backed up by FCH in forward
direction

New: option of SI envelope outside
TPC (barrel and endcap)

Goal:
high efficiency tracking
excellent resolution
coverage to small angles

The TESLA tracking concept
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Detector R& D for afuture linear electron positron collider:

The TPC R&D group

=i call for proposals by DESY, review by the DESY PRC (Physics Research Committee)
=#=\WOrk is not necessarily connected to TESLA, but general to LC R&D

October 2001: proposal to the PRC by the "TPC group":
@ members from

==Canada
=& France
=2 (Germany
=i=Netherlands
=& Pol and
=»Russia
=2 JSA

Goals:
@ Develop aconcept foraLC TPC
@ Develop novel readout concepts (GEM's, micromegas)
@ prototyping

backgrounds than at previous e
averall system design. In the present docunsent the design issoes and R&ED plans are
presenbed for develaping such a high-performance TPC. Particular emphasis is pul
on the & for a new type of gas-amplification system, based on micro-patbern gas

chambers.

DESY-PRC R&D 01703
October 4, 2001

T TP Y-
I LA B W A WL

A Proposal to the DESY PRC

The LC TPC group

Aachen, LBNL, Carleton/Mantreal, DESY fHamburg, Karlsruhe,
Krakdw, MIT, MPL-Munich, NIKHETF, Novasibirsk, Orsay (Saclay.
Ruostock

Abstract

A Time Projection Chamber is fomeseen as central tracker for a detector at the linear
callider TESLA. and is being studied also for other proposals af linear electran-positron
calliders. The LT TPC has to face significantly more complicabed topolagies and higher

*e™ machines, which puls skringent requirements on the
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A TPC with GEM Readout

Finite Element model of a GEM cell:

. . solve the electric field in and around the GEM
Areas of investigation:

@ type of amplification system (GEM, ...)
@ details of amplification system _ .
@ behaviour in magnetic fields s s ]
@ resolution studies s S :
@ pad geometries

@ readout electronics
@ signal processing
@ fieldcage design

mmAdeal mbn A m .
@ enlarged view of the

S field near the GEM holes
T |
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tL'ack__#_f,.--- ; ‘ electrons -
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GEM

pad plane

Simulation: Aachen group

track image
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The GEM readout

measured and cal culated transmission/
collection efficiency:

GEM: Gas Electron Multiplier
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GEM developments

@ Study different GEM foils (different geometries, different suppliers, ...)
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The "standard" CERN GEM (black line) is not so bad..
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lon Feedback

@ A number of groups measure the ion feedback for different GEM configurations
@ detailed comparisons of methods and results need to be done, but

=@ essentially compatible results

=gfull scan of parameter space still missing

I Effect of 4" GEM nd_"f
1ot b ARCE, (90/10) - g
= P JCEMAPCE or AGEM+PCS ¥ ;_ﬁ*" 2 @ lon feedback can be controlled to
= b Gain ~ 10 - . order(1%)
s t v ' @ |sthis good enough? Can this be
= 1 - * ] improved further?
= 107 - ol .
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"Chevron" pads: first experimental results
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The MICROMEGAS

ROMEGAS fl FOMIZING
PARTICLE

PRINCIPLE & OPERATION .'I

& MICROMEGAS development mostly at Orsay/ Saclay plus Berkeley
& Attractive alternative to GEM's, though less well tested.
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Operation:
= gains up to 10M
=i Stable operation
Gain Ar+2% CF4
Edrift=100 V/cm
10° A
5
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HV2 (V)

feedback

10
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MICROMEGAS

lon feedback suppression: somewhat better than

for GEM's
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(for 150 V/cm drift: 33000 V/cm amplification)
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dE/dx in TPC by cluster counting?

@ can one measure dE/dx without actually measuring the charge: count clusters
@ potential advantages:
=80 sensitivity to local inhomogeneities of the amplification system
=gpotential for much ssimpler readout system

= H e LR - T
z t 3 problems: need to resolve and recognise individual clusters:
b ) ﬁ s Y =8 excellent granularity
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The Tracking Detector Concept: SET

Introduce an additional Sl detector just
outside the TPC: SET

.‘JIF

TR
=i | MpProve momentum resol ution

=i Mprove extrapolation into calo \ MKET
=g provide precise reference point for N\
TPC calibration 0 -

A 3D-VEEW OF THE 5i ENVELOPE for the TPC T ——
{VIX +SIT+ SET+ FTD+FCH }

Simulation: 10-20% improved mom res
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A. Savoy Navarro

studies of the
detector and its
realisation have
Started

arather detailed technica
design of
=& mechanics
=areadout €l ectronics
=25 mul ation

has started in Paris

LC retreat St. Cruz, June 27-29, 2002
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High magnetic fields

& How do MPGD work in astrong magnetic field? (TESLA=4T!)
& Saclay: 2T superconducting solenoid (ca 40cm bore)

& DESY: 4 (5) T superconducting solenoid (28 cm bore)
& "small" magnets available elsewhere

Aachen: first results on gain vs B-field:

-E0

50 F
e |
E
Lo
ﬁ Goal: Study charge collection properties 5T magnet at DESY (with grad student)
S Study mechanical effects of B-fields

Study resolution effects at these fields
-0 k-
Gl 9 om bW owow @@ w o 5T 27cm bore magnet test facility available at
© o0z 04 06 OB 1 12 14 16 18 2 22 DESY from fall 2002 on; other groups are

Maanetic Reid [T] welcome to use this magnet as well!
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Pattern Recognition

2 |ntense simulation effort within the ECFA DESY study:
@ Based on standard technology: GEANT 3, Fortran, etc.
@ Complete ssimulation framework BRAHMS has been devel oped
=i Full ssimulation
=i Pattern recognition for central detector
@ Event visulation tool based on open GL
@ Reuse as much as possible existing software tools (LEP/ SLD/ ...)
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Event generation } CFCH.S
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‘ P ¢ merged T —3» | optimisation,
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Sl patrec
Plus newly written code




Pattern recognition
efficienciesin BRAHMS
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Summary

The concept of the tracking system for a detector at TESLA is maturing.

Further refinements are under intense discussions (SET)

DESY-PRC R&ED 01703

Hardware R&D is starting in general on a L C tracker (not just for TESLA) October 4, 2001

Tracking software is performing well
=\vorksin old FORTRAN based environemnt LC TPC R&D
=i robust, stable in the presence of backgrounds A Proposal to the DESY PRC
== speedup is needed

The LC TPC group

Aachen, LBNL, Carleton/Mantreal. DESY /Hamburg, Karlsruhe,
Krakdw, MIT, MPI-Munich, NIKHEF, Novosi birsk, Orsay [Saclay,

Rostock

Abstract

A Time Prajection Chamber is foreseen as central tracker for a detector at the linear
callider TESLA. and is being studied alsa for other proposals af linear electron-positran
calliders. The LO TPC has to face significantly more complicated topologies and higher
backgrounds than at previous e*e™ machines, which puts siringent requirements an the
averall system design. In the present document. the design izsues and R&D plans are
presented for developing such a high-performance TPO. Particular emphasis is put
an the B&D for a new bype of gas-amplification system, based on micro-patbern gas
chambers.
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